ARTIFICIAL FROMOTOR FOR THE EXPRESSION OF »NA SEQUENCES IN 
PLANT CELLS 

Field of the invention 

5 This invention is related with biotechnology and more specitlcaliy wHh Plant Genetic 
Btigineering. In particular, chimerical DNA constructs are given, which shows a liigh 
transcripuon/translation promoter activity of any nucleoiide sequence Iksed lo them in 
dicot and monocot plant cells, which allows obtaining transgenic plants with higher 
expression levels of genes and DNA sequences of Interest. 

iO 

Backgnmnd of the lavention 

Pmwtts Art 

Plant ucnetit. cngnicoina (s j to>.hnolnii\ ihat Ik<^ v;. iio --'ic. m be vor\ producti\e fof 
basi^ invc^tigaiion and toniincrcial 'T-iK'iunson ot !5^u \-u kvhnoiogical products. 
15 {liammond J furr. Top. Microbiol. Immunol 1999, 240, {-1 9: Stmoen.s C. and Van 
Montagu M Reproduction Update 1995, 1:523-542). 

The selection of promoter .signals that warranty the adequate expression in tenjis of 
sixength and temporal or spatial specificity of gene or DNA sequence intrt^uced in plant 
genetically manipulated by the means of molecular biology techniques is very impert a t 

20 important for the success of plant genetic engineering. That is why in the last two decades 
malt i files multiple edbrts have been dedicated to the seaa^h of promoters and signals able 
to ensure the expres.sion each transgene required. Thus, promoters of different origin 
(plants viral, Ti or Ri AgrohacteHmt or chimerical) have been evaluated and employed in 
transgenic plant production. 

25 I he constiiiitfvc proinoters moic widely u.scd in plant genetic manipulation have been the 
CauUfiower Mosaic Virus (CaMV) 35 S ARN promoter (Odell J,T; Nagy f ; Chita N.H. 
Nature 1985^ 313:810-812); nopaline synthetase gene (nos) promoter from.-i nmefaciem 
Ti plasmid (An G; Costa M.A; Mitra A; Ba S; Marton L, Plant Phisiol, 1986* 88:547-552), 
rice actin-l gene prt>moter (McKlroy D; Zhang W; Cao J; Wu R. Plant Cell 1990, 2:163- 

30 171) and maize ubiquitin-l gene promoter (Christensen A.H; Sharrt^k R.A; Quail P.H. 
Plant Mol. Biol. 1992, 18:675-6S9), However, each of these natural expression systems 
ha\e limitations, maml> because its e,\pression levels are not hig h enough high in an\ 
class ol plants, loj example, the ptotnotcf expicssion is low in dicot plain cells and ahnost 
undetectable in m<>n.KOis \^ k • ^^p^^s > * i, .\'V '^-^ s ihc m<«si wideK u^ed 

35 promotei. ts much ^,ttongci m loba>.co ceiii> than u\ niuiKicot piant> tjoplcr R \Kia<- C 
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lioricke-Gj-andpieiTe C; Schell J; Stejiibtss ILH. Methods EiizymoL 1993. 217:67-78; 
Mitsuhard l; Ugaki M; Birochika H; Ohshima M; Murakami T; Gotoh Y; ei ai Plant CeO 
Physiol 1996, 37:49-59). Simiiarly, rice actin-i and maize ubiq«itin4 promoters are 
highly ettlcient promoting transcription of Its downstream genes in monocot plant cells, 
5 but its promoter activity in tobacco cells is low (Schledzewski K; Mendel R.R. Transgenic 
Research i 994, 3:249-255). 

In order to increase heterologous protein expression levels in transgenic plants, a variety of 
chimerical promoters where natitrai pmmoters are combined with transcription or 
translmion cnlumccr.^ ha\c been do^iiincd \n)Of!i^ these cnlwncer olonionts v\c um 

10 mciuiof) Omega lraiulu!(vn.5[ cnhaiKci Iroir !oba*_co Mos<ii*_ \ms^ (TXIV) ^(~ia!hc OR. 
SlciU D.i . V\ atlN JAS . 1 lirnci i>.C , W sNo-. 1 M \, Nucicic Acid. Ret> 1987. 15.i25"-i273 
). trafisiational enhance! t\om h.ha^;.o ! kh \ uus < 1 1 V ) {Cainngton !,( , 1 rccd D D, J, 
Virol. 1 990, 64' 1 590- ] 597), proniok'- tranw-^spuonal cnhatKcri from octopinc sxtnhasc 
{1-romm H; Katagiri i-'; Chua NJi, Plant Ceil 1989, 1:977-984). mannopine ssnthasc 

15 (Comai I; Moran P; Ma.siyar D. Plant Moi Biol. 1990, 15:373-381) and CaMV 35S 
promoter (Kay R; Chan A: Daly M; McPhei^on J. Science 1987, 236:1299-1302); ami 
natural exons and inlrons, e.g., maize alcohol dehydrt>genase intron I (Callis J; Fromm M; 
Walbot V. Genes Devel. 1987, 1:1 183-1200: Last D.I; Brettell R.IS; Chamberlaine DA; 
Chaudhury A,M; Larkin PJ; et al. Theor Appl. Gen. 1991, 81:581-588), the llrst 

20 exon/intTon from maixe sucrose synthase (Maas C; Laufs .1; Grant S; Korlhage C.^; Wan W, 
Plant Mol. Biol. 1991, 16:199-207). the first exon/inlron from rice Actin-1 gene (McEiroy 
O; Blowers Al"); .lenes B: Wu R. Mol. Gen. Genet. 1991,231:1 50- 1 60), etc, fhai gave rise 
to promoters like 2X35S. Mac, Emu and others (E1W39643; EP0651812), which are 
strong mainly in a specific ciass of plant cells, dicots or monocots, (Schledzewski K; 

25 Mendel R.R. Tran,sgenic Re.search 1 994, 3:249-255). 

The development of strong promoters which can be employed to express genes in both 
dicot and monocot plant cells ha.s been and Is a relevant topic of many laboratories, not just 
for tl^e scientific chailenge it repre.sents or the savings that -i«ip i i8 s -te hav e involved in 
having a unique genetic construction to triuisform diverse classes of plants, but also to 

30 ltav^^""th^y"" jor the Med to rmn expression systemsy-^^tjeh-- - that m ake easier- 
biotechnological products production and commercializatio n easier . 'Ilie syntlietic 
promoter claimed in the paletrt apijlivaiion W09943838 c ) aimi^d im .s based ^ fi sequence 
from the TATA box ti41-to the transcription initiation site with m elevated GC content (64 
^<> Of higher), fused in itjN .5" end lu irutiscription enhancer sequences irom 35S. mni/x 
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ubiquit!ii-l and octopijie synthase promoters, in the other hand, in order to look for 
expressjoo not only in dicot and monocot plants, but also avoiding sequence horaoJogous- 
dependent gene silencing (Park Y,D; Papp 1; Moscone E; Iglesias V; Vaucheret H; Matske 
A: Matzke M.A. Plait J. 1996, 9:183-194), patent application WO0058485 claims an 
5 artificial promoter derived from the combination of sequeacCsS coming from two plant 
viruses genomes: Commelina Yellow Mottle Virus (CoYMV) and Cassava Vein Mossak 
Virus (CsVMV), and also enhancer sequences frora 35S promoter. 
Mechanisms pfeH^Httiftg-tha^by wh tch dlfifcrent genetic eiemcnts enhance transcription or 
translation of nucleotide sequences arc stili not sti l l clear. For CKample, it has bmn 

10 reported that leader sequences from many RNA viriises can enhance translation of 
different messenger RNAs (mRNA), independently of the presence of cap (m'G (5') ppp 
(5 ) N) fused to the 5 end (Sleat D,!£ ; Wilson I AlA. 1992. Plant virus genomes as sources 
of novel functions Ibr genetic manipulations. In: T.M.A. Wiison & S.W. Davies (Fids), 
Genetic engineering with plant vtntses, CRC Press, Inc. p.55-1 13; GaUte D.R; Sleat D.E; 

1 5 Watts JAV; I umer RC; Wilson JM. Nucleic Acids Res. 1987, 15:8693-871 1), However, 
wkh" t l^ e. »t 0eptl0a"ef" while t he RNA secondary structure of all these viral leaders ts-are 
not complex, is-«e th has not been determined that there are a nt^tbey- other common ele*««»t 
.?l?J]Qent§..betVfc'een its nucleotide sequences r ^es pendrng respon.sible„.for its translational 
enhancer properties. 

20 Paiticulaiiy, it has been reported that translation enhancement of TMV Omega fragment is 
due to the presence of at least one copy of the octamer ACATTFAC, which is repeated in 
its sequence, and a 25-base (CAA)n region that is considered a epkie- critical motif (two 
copies of (CAA)n a'gion are enough Jo confer high enhancer ievels) (Gallic D.R; VValbot 
V. Nucleic Acids Res. 1992, 20:4631-4638). However a 28~basc, CA-rich region from 

25 Potato X Virus (PVX) leader, have not shown translation enhancer activity "per se" 
(Pooggifl M.M; Skryabin K.G, Mol Gen. Genet. 1992, 234:329-331), while it is reported 
tliat CC AC'C pentanucleotide present in the C.A region of PYX leader, might have pairing 
interactions with tl^e 3'end of 18S rRNA (Tomashevskaya O.L; Solovyev A.G; Karpova 
OA''; Fedorkin O.N; Rodionova N.P; Morozov S.Y; Atabekov J.G. J. Gen. Virol. 1993, 

30 74:2717-2724) 

It has been detennined that some viral leaders have sequence elements involved In 
ti< nsiation enhance! actisitjcs. such as tb*. CGTrTACiGFT scqacui^e t.ons<,n<.d m 
v.Kiaxiius kMdcis hLe VuLito \ uu^ S i '\\t '\u ^ H u \ .h. ) \ o^tci d D 
\Kh \ !v9l, 134,"2l-3U) and tlic so calicd niKuu-i] i.ontroi tCiiiuns t\po ' (IL R^^ 
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motif (GG'n'CGANTCC), which is fouiid in 27-base repeated regions in the RNA3 leader 
of Alfalfa Mosaic Virus (AIMV), needing two to reach optiiTjai translation levels (van der 
Vossen E.A.G; Neeleman L; Bol J.F. Nucleic Acids Res. j 993, 21: 136M367). 
In the case of the TEV leader two regions called ORE-1 and CiRE-2, feetwe^^-nuckotides 
5 between 2 8 to 65 and 66 to 1 1 8, respectively, have been identified as responsible for the 
translation enhancement propenies of this 148 bp viral leader (Niepei M; Gallie D.R, J, 
ViroL 1999, 73:9080-9088). However, inside CIRE region a it hao not been defined afi-a 
specific element considered c«fe-cnticai for the enhancer activity of these viral leaders 
has not been defined . 

iO As we referR'd above, introiis of natural origin and iis adjacent sequences have been also 
widely employed to enhance different gene expression systems, espcciaSly when the iniron 
is near of the 5'eod of the gene. Mowever, it has been reported thai an intron-mediated 
enhancement of gene expression { t M E ■ depending - ■ depends on factors like iniron origin, 
exonic flanking regions and cellular typ e^ - hm - been ■ ■ Fspor ttnl . A strong IME of the 

15 expression has been observed mainly in monocot plant cells, but in dicots it eoinmonly 
does not exceed 2 to 5-lbld. Molecular mechanisms behind IME have not been completely 
disclosed (Simpson G.G; Filipowicz W. Plant Mol. Biol. 1996, 32:1-41; Schuler M.A. 
1998. Plant pre-MRNA splicing. In: h Bailey-Serres & D.R. Gallic (Eds), A look beyond 
transcription: meclianisms determining MRNA stability and translation in plants. 

20 American Society of Plant Physiologists. P. 1-19; Lorkovic ZJ; Kirk D.A.W; Lambermon 
M.1 1.L; Filipowicz W. Trends in Plant Science, 2000, 5:160-167). 

IME expression variations observed beJween monocot and dicot plant cells can be doe to 
the known differences In the requirements needed for a»-adequate pre-raRNA processing 
til different classes of plants ceils. In fact, in monocot plant ceils, but not in dicot plant 

25 ceils, the presence of AU-rich segments in the intron .sequence is not indispensable to its 
processing; monocot cells can process introns with high GC-content (more than 50 %) and 
complex secondary .structures (hairpin- bops), which indicates that dicot plant cells are 
unable to process introns with complex secondary structures (Gotxlall GJ; Filipowicz W, 
The EMBO Journal 1991, 10:2635-2644; Lorkovjc ZJ; Kirk D.A.W; Lanibermon M.H.L; 

30 Filipowicz VV, Trends in Plant Science. 2000, 5:160-167), Fhese reasons can explain, at 
least partially, why current systems employing IME to artificially enhance nucleotide 
sequence expression, are class-specifk. 

Detailed description of the inventioa 
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Fhe expression pronioter sequence proposed in this patent appiication provides a set of 
distinctive characteristics: 1) it is universally functional as it is active in dicot as weil as in 
monocots plants cells, pemticting the obtaining of transgenic plants of any class with high 
expression levels of the genes and DNA sequences of interest; 2) it is based on the 
5 combination of artificially assembled genetic elements, increasing tnRMA ieveis not on!y 
by IME, but also promoting its translation; 3) the lack of long DNA fhigments with 
identical sequence to natural or viral genes m this promoter minimize the risk of RNA- 
mediatcd homologous gene silcni,itig and Jht pus\ihd!t> of the appeal ance oi ne\N \isa1 
races or stranii. as a rcsiih ol in piarda luvniologous iccoinbirutsou; 4) ihc <iC conictn <jt 

it) the sequence tr<M« die \ W \ \^--\ *fk^ u>. ''<i,npt\v- ip!tiu!t->n Mfe iiuisi iioi nci^cssdith 
be too.high, : i Uk \ csv j . ^ > . sH.i > sk ^^<. . ^ .^^ p^rr.i.s K*-}fit,tf{{ infecnion \n lUs 5' 
end transcnptiOR rcguLitots eicxncnt'^ vln^h ^on ci^ t.mp.>ial otgail m tis'^uc-vptcillcm 
to the expression: 6) artificial goncUc eiomcni^ compiling \\ can be also fLmclioiTaUv 
inserted between an\ promoter acif\e in plant cells and an) DNA sequence lo increase its 

15 trattscriptfotv'translation. 

Chimerical exon/inlfon/exon region design with a high enhancement activity of mRMA 
accumulation in any class of plant cells, and its functional integration with an artificial 
translation enhancer constitute two essential components of the current patent application, 
because these elements permits us to efficiently express any DNA sequence of interest in 

20 plant cells. 

It is important to make clear that when we call a region, molecule or DNA sequence ts^is 
beiiig.artificiai or chimerical, we are referring to ife-jt.being.designed and synthesized in 
vitm, thus it is not a«y -a^enetic element «?ith identical primary DNA stmcturejto 
sometime found in nature, although small fragments of its sequence could have a natural 
25 origin. 

To design an intron witb its correspondent adjacent exonk sequcnce sy - abl e -i e-pfomot e 
capable of promoting I ME of expression, we studied which sequence motifs and genetic 
components vvere common to plant introns with reported transcription enhancer activity. 
At the same time, we had to resolve the challenge of achieving an adequate and efficient 
30 processing of this intron in dicot and monocot plants, independently of its GC content. 

When tlie widely used a^transcription enhancers promoters rice Actin-1, maize ubiquitin-1 
and sucrose svnthase~1 intron sequences arc compared, it can be detected common and 

K'pcdtcd sequence motifs in all nf them (i tgurc i) M^m ^ is- ■ iiot ■ ■ demo t i s tmted {he 

it«-pnssri>iin\ otlt has not been demonstrated that an\ of tiic^c motifs liresponsiMe .fer the 



IME of gene expfessiojti these introiis eewafefs confer, but high conservation leveis of the 
CTCC motif (or its homologous sequences CTC, TCC and TC) in these regions and in the 
5' regions of the TA TA boxes in a variety of plant promoters, indicates the possibility thai 
it can favor tlie binding of transcriptional factors^r-^k% - that can promote RNA- 
5 polymerase U activity. At the same time, G - afKj- A - pteh-seq a efieeS " the a bundance and 
conservation of. C and A>r^^ ih& first exons (regions remaining as non 

transiationai mRNA untranslated leaders) and in the viral leaders with reported 
iransiationai enhancer acthit). indicates that such scqnenccii can promote the stahilit> of 
the rcsulisng MRN '\ and il^ abiisU to be trM}'=;Lucd 

iO U is tippropr i tUtfd .jppropi iato V cnipha--s/c i'\<n n.'^no ^'^*"dl,.^ abosc e\p!.uned the\nies bi^s a 
v(>mpick' vicntiilc dcn-son^-'a; , i ..^ u r<>L .">\io.,N tonslrueuao <-i m 

atiiticial minm \sith its adi<Kcn: i.\oniv. >i.qi,icikOv v.onuun)iJt: the repeated sCtjuence 
moiitV specified. rcMiks in a region thai promote*; hiyh transcription Icsels and 
aecnmuliuion of mRNA; however, the resuiis of our work indicates this. 

15 From the mentioned comparison study between the different introns (with its 
correspondent exons), we decided to design an artificial exon./intfon/exon region, which 
combines rice actin-1 and maize ubiquitine-i intron/exon sequence tragments rich in the 
motifs that we consider relevant of the IME of gene expression. In order to achieve this 
goal, we had to take into account that tbe resulting artificial intron must be efficiently 

20 processed in dicot piat-g|ant,cel}s, so the increase of gene expi-ession can take place in 
these class of plants too. Nevertheless, we find out that llie intron sequences we used as 
prime material have a high GC content, complex secondary struciiires with abundant 
hatrpin-loops, and the sequence of its AG acceptor 3' splicing site is soaie- ^somewhat 
different from the braiich point consensus sequence, tlius these introns can be difficultly 

25 processed in dicot plant cells. 

In order to simplify the secondary structure of the exon/intron/exon designed by us, so it 
can be processed in any class of plant ceils, we decided to make some punctual changes in 
its sequence and to insert sequences UUIJUUAIJ-Uke, which activates its processing 
(Gniadlcowski M; Hemmings-Mies/cs'.ak M; Kiahre U; Liu H.X; Filipowic^. W. Nucleic 

30 Acids Res. 1996, 24:619-627). B^Hde sAdditj.onally . o»t chimerical .sequence was fused to 
the second exon and inserted into maize actln-l gene second intron {IVS2), taking 
advantage of its efficient processing in dicot {e.g. tobacco) (Goodall G.j; Filipowic/f, W. 
The EMBO Journal !99i. [0:2635-2644). T he pistative secondary structure of each 
artificial e-Kon/lntron/exori variant was studied by computing methods, using the PCFOLD 
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4.0 program {Ziiker M. Meth, Eiizymoiogy 1989. 180:262-288). The ajtificial 
exoa^intron/exon sequence created for us will be called ART from this point 
As it was already memioned, the second relevant compoRcnt of this patent applicatioR is 
an artificial transiatioimi enhancer that was fUsed downstream to chimerical exon/imron in 
5 order to increase gene expression levels. 

The artificial transiational enhancer was designed from analysis of sequence and secondary 
Structure formed on some viral leaders. From this analysis we conclude thai there are three 
essential elements In the transiational enhancers: I) low complexity of secondary 
strttctures; 2) C and A-rich sequence segments: 3) motifs with up to 83% of homology 
10 with the consensus HCAYYY sequence (fH C ^>cll ©-ofA; Y^ C 4^U, see Table i), 
exposed and frequently mpeated and/or in the hairpin of structures with a low melting 
poi}U4afiir. 

Table I. islruUuraih <.onseni.o ■x.quences m nook IIW xsriis leadci Irasiments 
15 (H<:/it/A; Y-C/U). 



\ nd! Icddt-i 




IMV 


ACAOUOAC 


TEY(aRE-l) 


GCAUUCUA 


lEV (CIRE-2) 


UCAOUOCU 


PVS 


ACCUUUAG 


AiMV(RNA^) 








PVX 




BMV 


AACADCGG 


RSV 


CCAUUCA 


CoDsensus 





From the premises above pointed out, we designed an artificial transiational enhancer in 
which sequences HCAYYY-like, each one in hairpin-loop structures, were inserted inside 

20 a 45~base, C and A-rich sequence. This artificial transiational enhancer have no mom than 
55 % of homology with RNA viral leaders which provided theoretical premises employed 
m its confection, and there m evewt-sequcnce scgmein nith more than 6 nucleotides 
x^iSh S0(!' o (.} hom\>loi>s lhai is v\hs x'^i, cd'^ atrum that our iransKitsondl s^nhatKci noS a 
denx.nne ot transL-itfOtn! tnh iKJ*- pfL\ --us \ 'ep<>iicd ot puilCLied (i f* 0270615) 

25 ncixhi-i ha^ si.qucn».CN Jin,^ I ■-vO" nJi.i^ 

En oidcr to make easiei its okimpuLufon ^tnd the tiision ol genes oi intetosi. rcstni-tion Mtcs 
were added to our transiational enhancer, i-inally. before te - fas e fusing the new 



transfationai enhancer to the artifkiaj Exoji/fntroji we created, its functionafity was In vivo, 
showing the same capacity to enhance expression of a chimerical gene when compared 
with TMV Omega Ixagraenl, The artificial translational enhancer created for us will be 
called Eureka. (Figure 2). 

5 Tn comtruct the promoter i^equence claimed in this patent, a cnre promoter formed hv a 
consensus I A! A. box {Joshi CP Nucleic Auds Res 1987 1S664^66i'i) w >s hrslK 
designed v\hich tusul to C aM\ 33 !> -24 to -4 region (Irom iIk t! mscj ip{ion miu ujon 
sUc) followed b\ aam-1 to 27 piomotti H^ion which pun k1<,s th<, u msvuption 
nnuunnsik ntti a C md \ ritb rc_jon I nui/t, ubjquUHK 1 R^un ircm 2^-> i j ''Z 

U) h tht. tnnM.rjpu n ititti Uion mil w is Uis<.d itwnsirc^m proMdin^ \C md K ikIi 
K^ions \Kidi!u Uk Ijist iuilkii! 4,\on wnkh hn\ iu KUn I stc>nd txon 
12 bavt,s bci liv. Uk ") sphi-uu siic oi I\ S2 iiition ind in*.ludtiu itsvli I^Ase^ 
ehawge B d\ »vi,s -kkhfii? iddiiioni r deletions wcr mad^ irotmd ih\ )omm^ 
ateotdmg with the predictions b\ iht, computtnij meth(>d in oidci to avoid piUd.U\e 

15 secondary structures, which can afliect RNA maturation. The artificial intron designed for 
us, is constituted by the first 54 bases of IVS2 intron, f«sed to 37 bases from a 5' region of 
the maize ubiquitine-i first intron, corresponding to the bases +89 to + 126 fR^m the 
transcription initiation site, followed by 375 bases from rice actin-i first intron (from the 
position 4-103 to +477, from this gene transcription initiation site), fused to 33 bases from 

20 maize ubiquitine-i inti\>n 3' end (fh>ni the position +1051 to 1083 from the tninscriptjon 
initiation site), iinked to the second half of the actin-1 fVS2 intron {from the position -52 
to +5 from its 3' processing initiation site), and to a 29-base chimerical sequence 
containing restriction sites and a translation initiation consensus sequence. (Ltitcke H.A; 
Chow K.C; Mickel F.S; Moss K.A; Kern IfP; Scheele G.A, The BMBO Journal 1987. 

25 6:43-48). The sequence of the artificial exon/inlron/exon ART created for us is shown in 
figure 3. Once the efficient processing of the artificial exon/intron/exon eeftstraeted 
construct w^s tested by transient expression in both tobacco and rice cells, the translational 
enhancer Eureka was fused to its 3'end, appreciating in figure 4 the final structure of the 
promoter sequence object of this invention (PARIE promoter). 

30 It must be highlighted that the enhancer element ART designed by us showed a higher 
efficiency as gene expression enhancer than the commonly used rice actin-1 gene first 
exon/intrtm/exon; Eureka fragment is an additional enhancer to its activity. 
In this work it can be for the first time achieved two artificial, very efficient genetic 
elements, enhancing the expression of any DNA sequence in transgenic piant cells of any 
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class, which demonstrate the vaiWity of the theoreticai precepts we are based on. It is also 
for the fii-st mrxQ that an artitkiai promoter with an AT content lower than 52 % is 
adequately processed in dicot piant celis, promoimg a high IME of the expressioR, The 
constfuctioti of a completeiy artificial, highly efRcient translatioual enhancer, with low 
5 homology with ARN viral leaders, is also novel 

Different transcription enhancer sequences were fused 5' to the promoter sequence object 
of this invention. Thus, rice actin-l region from -43 to -310 (front the trmiscripijon 
initiation site) was fused to the 5' end of the promoter PARI' E, as shown in tlgure 5, to 
form the promoter region APARrE, which aiso has as- 1 -like transcription enhancer 
iO elements (Benfey P.N; Chua N.li. Science, 1990, 250:959-966) and a 556-base fragment 
from the 5'' region of the maize ubiquitin-i promoter {from -299 to -855 irom the 
transcription initiation site), to fmally obtain the U3AR fE promoter, which structisre is 
&h6we4 -shQwn in Figure 6. 

Many promoter .sequence variants were constructed from the described genetic elements 
1 5 (see figure 7), ma^ll of feey -which d emonstrated its functionality by the meatts of «? vivo 
assays, proving the s yttefaiii-s ynergistic c iXect ev^f-on the gene expre$,sion of ail the 
enhancer and activator regions employed. 

The tfvV~l element employed in our constructions as a transcription enhancer (see fig 6) has 
a innovative design, because it has less than 50 % of homology with the octoplne synthase 

20 palindromic enhancer (Ellis hG; Llewellyn D.J; Walker IC; Denni,s E.S; Peacock WJ. 
EMBO J. 1987, 6:3203-3208: EP0278659), is not identical (less than 85 % ofidentity) to 
any of this type of sequence variants claimed in a study done by f-Jlis et a! (Bouchez I.); 
loivuhisa J.G; Llewellyn DJ; Dennis E.S; Ellis J,G, EMBO J. 1989, 8:4197-4204; USPat. 
5J37,849) and the TCJACG motifs found in it are found in aji uniqne flank sequence 

25 conte.Kt. 

Although the rice actin-l gene has been described and used to express different genes 
(McElroy D; Zhang W; Cao J; Wu R. Plant Cell 1990, 2:163-171; WO9109948), it is 
important to emphasize that our work reveals the transcription enhancer activity of its 5' 
region and its use as heterologous expression enhancer. Simil^ly, al though the use of the 
30 maixe ubiqnitine-l 5' transcription enhancer region has been claimed (EP0342926)* the 
556-base fragment employed for us does not contains - contain t he '*heat shock" elements 

defined as e s s ^Rtia l s e sseniM this enhajicer functionality (it is found between the 

positions "188 to -214 of this pfomoter sequence), thus it is original and does not obviate 
tlie transcription enhancer activity of the ubiquitine sequence used by us. 
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Fhe PARI B promoter was also fiised to a small, 214-base tragment corresponding to the -- 
31 to ■■■245 region from the trdnseription inHiaiion site of the rice ghS-l gene (Takaiwa F; 
Oono K; Kato A. Plant Mol. Biol. 1991, 16:49-58) to Kmn the new promoter region 
GARTE (fig 8) Transient expression assays demonstrate that tire new artiticiai promoter 
5 (JARTE is highly efficient to express DNA sequences in seeds endosperm. 

Thus, we conciude that functional combination of these chimericai 5' transcription 
enhancers has novelty, and greatiy useilul to produce genetic elements aOowmg the 
achievement of high expression levels of DNA sequences in piani ceils, independently of 
the class they belong to. 

iO Obvioiisiy. other 5*regul<uor regions from diSTereni promoters can he cy-s-liised to the 
object of this invention in order to achieve liigh expression levels and/or to confer 
temporaJ, organ or tissue specificity to the expression. 

For somebody experienced in genetic engineering techniques, what is here described 
would make possible the use ART and Eureka enhancers, in combination with any 

15 transcription promoter element in plant cells, to enhance transcrtption/translation of any 
DNA sequence In monocot or dicot plant cells. Similarly, theoretical precepts obtained 
from our observations, leading us to the design of A RT and Eureka, can be employed by 
someone with experience in molecular biology techniques to eonstrnct new DNA 
expression enhancer sequences in plant cells. 

20 Considering the rising development of plant genetic engineering in the last two decades, it 
is obvious that the promoter object of this invention, joined to any gene and a transcription 
terminator sequence, can be inserted in a plant cell genetic transfonnation vector, and by 
the means of the use of u ell-established, efficient techniques, obtaining transgenic plants 
able to express the gene of interest. 

25 In this patent application, a genetic iranstormation vector refers to a DNA molecule 
(purified or contained inside a bacterial cell or a virusX which serves as a carrying vehicle 
to introduce in a plant cell any DNA fragment previously inserted in it. 
Descnption of the drawings. 

Figure i. Rice Actin-I (Act), maize ubiquitine-l (Ubi) and maize sucrose synthase (Shrun) 
30 gene sequences from the transcription initiation site. In uppercase is shown the first exon 
and in lo\^erca^e the iirst intron 5' region and the localization of the repeated and coitjmon 
sequence motifs are underlined, 

I iguK Z \ utcka auiflcia! tuinsLitional cnhaiiLCi sequence, where its relevant elements and 
R<-natit>ii (.iiJunuclvJscs iccugiiitton Mics aic shown. 



Figure 3. AR T ExoMjiiroa/Exon aitifictai sequence, showing the origin of each of Its 
component fragments (lowercase: artificial intron; the bases inserted to create 
UUUUUAU-iike sequences are double-underiincd; simply imderlined are marked some 
relevant recognhion sites for restriction endonucleases). 
5 Figure 4. Primary structure of this invention object (PARTE promoter), showing the core 
promoter (lowercase iialic) fused to the ART Exon/lntron/Exon region (intron bases in 
lowercase, exon"$ in uppercase) and to the artificial translational enhancer EUREKA. 
Some relevant recognition sites for restrjction endonucleases are underlined; TATA box is 
dotibie-underiined and transiation initiation codof) is In bold. 

iO Figure 5. Primary structure of tlie APAR'TF:: pi'omoier. showing rice acttn-1 5" regulatoiy 
region (region from -43 to -310 from tiie iranscripiion initiaiion silc, in iiaSics uppercase) 
fused to PARTE promoter (ii) itaiics lowercase the prosnoter, m Jowercase the intron; in 
uppercase theexons). Underlined arc marlied some rekvant recognition sites for restriction 
endonucleases; TATA box is double-underlined and lire translation initiation codon is in 

15 bold. 

Figure 6. I^rimary structure of the U3ARTB promoter, showing its component elements: - 
209 to -855 region from the make uhi-\ gene transcription initiation site, in uppercase; as- 
l-like transcription enhancer, in bold uppercase; region from -43 to ~310 from the 
transcription initiation site of the rice act-l gene, in italics uppercase; PARTE promoter in 
20 lowercase (TATA box is double underlined, ART intron is in italics and the translation 
initiation site is simple underlined). 

Figure 7. Promoter variants with the enhancer elements object of this invention. A: 
35SBiireka; B: 35SART: C: 35SARTB; D; PARTE; E: APARTE: F: 2A1 PARTE; G: 
2APARTE; Fi: U3 ARTE. § 35S Promoter (1 .3Kb);S Translational enhancer Eureka; 

25 m ART Bxon/liiiTon/Exon;^ artificial promoter core; LJrice actin-1 gene 5* activation 
region (-43 a -221); [T] rice actin-1 gene 5'activatlon region (-226 a ~3 10); |^ ASP (m-l- 
like enhancer); § maize ubiquitine-1 promoter 5'activation region (-299 a --855). 
Figure 8, Primary- structure of GARTE promoter, showing its component elements: rice 
gluB'\ gene region from -31 to -245 from the transcription initiation site, in itaiics 

30 upperca.se; PARTE promoter (promoter is in italics lowercase, intron in lowercase; exons 
are In uppercase; .^Ofne relevant restriction sites are underlined; TAl"A-box is double 
underhned: translation initiation codon is in bold), 
1 iiiuri.' ^> pi (. -(.ft smi map 
f igutc iO. pBPl U (omega) 7 map. 
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Figure 1 i, pBPFAi9-iijiker «iap. 

Figure 12. Comparative demonsiration by X-Giifc hystochemical dyeing of ART and 
EUREKA elements fonctionaHty in rice ceils by the means of transient expression of 
different genetic constructions harboring GUSint gene, intixxluced by accelerated 
5 raicroprojectils bombardment. 
Microorganism Deposits 

Ihe plasmids pC-EURGUSim; pC-ARTEOUSint; pGARI'EOUSinl y--ma--..-.pC- 
l ■?<\RrFGLSin{ wetc deposited under the Budapest treated foj the protection of 

\hcuK")tgdfU->ms in the Bcitiutn i, aorJuukcl Colkxtiou ot \5icinntgatU'>m, PUstnid 
U) C\)jiecaoa (B( \1 ( MHP^ ln\c-siuit (.lerr 1 k's-SJkIIA an Monugu' buikhng. 
kxhno!og!cp.uk 92^ B-'^0r2 dui.Vvs m u IkL . 'I > nids pC4 I ROl binU pC- 
MiUiA Sim pC.\Rll Suit the access mtmbcfs I MBf 472\ i MBi* 4725: 
lAIBP 472<S iCspoUi%d> and \Mih tho date Ma> 19, 200^ and pC-rSARTFGLSint 
thQ number 4791 of November 25, 2003. 

15 

EXAMPLES 

Example No.1: Construction of tiie consfUntlng elements of a new cliimerieal s^'stcm 
for the expression of DNA sequences in plant cells 

All the synthesi^ied DNA fragments were created xvith sticking ends to different type-ll 
20 restriction endonucleases restriction sites in order to make ea.sier its correct cloning. 

a) Eureka translational enfiancer cloning. 

The 86 base pairs (bp) ONA fragment corresponding to translational enhancer EUREKA 
(SEQ If) NO: i), was cloned inki the vector pBluescript !1 SK (Stratagene, USA) 
previous!) digested vvitii the restriction enzymes Pst I and Sac L taking advantage of the 
25 sticking ends for both enzymes included in the design of the synthetic r:)N A fragment. The 
resulting plasmtd was named pBS-Eureka. 

b) Assetnble of the artiltcial Exon/Intron/Exon region ART. 

The artificial Exon/intron/Exon region ART was constructed by cloning, assembling, one 
behind the other, f)NA fragments designed. Firstiy, the DNA synthetic iragment named 
30 P35AcU {SEQ ID NO: 2), which contains the core promoter, the first Exon and part of the 
artificial Intron, was cloned into the pBluescript II SK vector digested with Eco Rl and .S>£? 
1 restriction enzymes to obtain the pki.smid pBS-Acl). After that, such plasmid was 
digested with Spe I and Sac. I, inserting in it the DNA synthetic fragment l-U/Ac (SEQ ID 
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NO: 3), which codes for part of the artificial introji. That is the way the pBS-AcUAc 
pksmid was obtained. 

Next, the DNA s\i?thetic fragmeni I~Ac/U (SEQ ID NO: 4). harboring the end of the 
artificial Intron, was inserted into tide piJS-AcUAc plasmid digested with the restriction 
5 enzymes Bam BI and Sac !, to produce the piastnid pBS-AcUAcU, 

W hen the tragmcni Int P (Sf Q ID \<> 5) was ms^rted into the Spe\ / xV«trI~digesied pBS~ 
Atl AU iht aiulKut! I \on Intron I son \Ri was completed (SEQ ID NO: 6), 
conloiniirtg tlK pUisniid pHS-\Rl which pfim<u\ stiucture between the restriction sites 
/ toR( and Sc;cl ot th^ pBitK-^vupt \\ \ ^aot 5s» shown m the sequence SEQ ID NO: 7. 

U) v,}PARU pjoinoft.! t. »!iitiULUon 

io ^.onsiiuct ihc pi \ vi V I cs, 1 ihis imcntion (PARTE promoter), the DNA 
ftai>nuni ont unnu ihc (.ojt, prt. mi vi ukI U «. I \on tntron/Exon region ART (without its 
"5 u^i ^ I fhtiin.,d Irom pBS VRI pUismid b> mXfml I P.ni digestion, inserting it 
inio iht, pBS-F itrcka plasmjd digested with the same enzymes. Thus, we achieved tlie 

1 5 piasmid pPARTE (Figure 4, Figure 7DK which sequence between the EcoRl and Sad sites 
is shown in sequence SEQ ID NO: 9. 

Example lSo.lt Demonstration of Eureka and ART enhancer elements fuacfionaItt>' 
in jilant ceils. 

a) Transiationai enhancer Eureka fimctionaiit^' in tobacco ceiis. 
20 To verify the enhancer power of Eureka in tobacco ajid rice celis, a series of auxiliary 
genetic constructions was made. 

I he reporter gene i.tk/A with potatts S]-!.S1 gene !V2 intron inserted into the Sna Bi stie 
(GlJSiiit), was obtained by an A'co I / Sac I digestion of plasmid pUC-GUSint (Figure 9) 
mid cloned in the same sites of plasmid pFiS-luucka, giving rise to the vector Pbs- 

25 EORGllSint, This one was liirther digested with the restriction enzymes Pi/I, Sail and 
treated with S-l Nuclease to obtain plasmid pBS-AEURGUSint; which was Xho I / Kpn I 
digested to obtain a DNA fragment containing the Eureka enhancer fttsed to GUSint gene, 
that was inserted in the pBPFCJ (omega) 7 vector (Figure 10). Thus we obtained the pBPF- 
ELlRGIJSint vector (Figure 7A). having GUSint gene expression under the control of 

30 CaMV 35S promoter (L3 kb version). Eureka enhancer and Agmhactemim mmefiieiem 
ms gene transcription tefmination signals (tNOS). 

As a control to evaluate the expression of the construction pSPF-EURGliSint, the plasmid 
pBPFQ(omega)-<jljSint was constructed, cloning GUSint gene, obtained from the plasmid 
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pU€-GUSint by a Sail / Klenow and Kpril dige&tioH, betvveeti the pBi*f £1 (ofnega) 7 
vector Smal and Kpnl sites. This plasmki is similar to pBPF-EURGUSint except for the 
presence of the transktlonal enhancer Q (omega) controUing GUSlnt instead of Eureka. 
Another control plasmid was constructed by eliminating tlie enhancer omega of plasmid 
5 pim Hnm^^i) (ii St«t bv Xfio i - \£o I digestion, ticatment wnh Klenow and plasmtd 
stli h^itxon (ihtimitupRP! dl 'Smt \cUor 

Plasmids pBPl Q(om<.^i) Ci( stm pRPl (.1 Sun -v- ami pBPl 1 I k(ji Smi wul In <n\i 
di^cstul to obiun iht t. tsvtitts foi ii\ Sml cxpii-won m pi tnls ihtst ntu t,!otKd mto 
// c/111 di tslu! bmus SLciO! p(\Mi5i\2^00 ]sm M-^t \o hmar> \ew,tors pC~ 

iO Q<omcga)7Cil Smt pC Ol Sint j and pC 1 1 ROl Sml rospci.tt\cK 

Binary plasinids obtamed were miroduced into A. mmefactem strain LBA4404, we 
proceed to assay fimciionaltiy oi the enhancer bureka oy the means oi a transiem 
expression experiment in NTl tobacco celis, tbUowing the protocol described by An et aJ 
(An Q. Plant Physiol 1985, 79:568-570) with some mt^ificattons. Afler four days co- 

15 cultoing tobacco cells with Ap'ohacterium carrying each of the binary vectors, the cells 
were collected and processed as described by JelTerson (Jefferson R.A. 1988. Plant 
reporter genes: the GUS gene fusion system. In: J.K, Setlow (Ed), Genetic Engineering. 
Voi.iO, Pienum Pubiishing Corporatiosi. P,247-263) io deteirriinc its {3-glucLironidase 
(GUS) activity. Each experiment was repeated three times, with 5 replicas per construction 

20 each time. The results are shown in the foHowing table. 



{able 2, Demonstration of tlie fijnctionality of the translational enhancer hureka in tobacco 
ceils. 





ill s \ai\x{-< tPm i- 


Ml mil ini, unii pioicins") 




t-ureka / il 


1 xp<.rim(..n{ 


Cell 


P< t.l smt 


pC o 


pc:- 




f.omega) 




cotnrol 




(onKiia) 


1 i Hiji snn 




rate iiK-dia 








7C.I Sint 








1 


0 i1„00i 


1 95 1.17 


7 1 > 2 1b 


7^0 2 60 


i 04 


l.00±0.33 


li 


IJOf028 


MJ 0 iS 


8 60 


n ^> ^ 80 


1.31 




0 7<><0 19 


4 84 106 


^3 2 U) 


211 6 1 


0 64 



25 

As it cm be seen in results showed in Table 2, there are not significant differences between 
enhancer activities in Eureka when eonipared with tiiat of TMV Omega leader sequence, 
which detnonstrate that it has been for the first time achieved a completely artificial, 
efficient translational enliancer. This also confirm our theoretical precepts, showing that it 
30 is possible to construct a genetic eletnent with significant properties to enhance the 
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transfation of DNA sequences fused dowiistream in 3' directiofs end by combining regions 
of sequences rich in C and A with sequenees homoiogons to the motif fiCAYYY 
(H-C/ITA; Y-Cn^. 

b) Ftmctionalitj' of the artificial Exon/lntron/Exon ART in tobacco ceils. 
5 To test the functionalit)-' of the ART element in tobacco cells, it was tkstly obtained the 
Gl Sim fragment frt>m plasmid pX C~<i\ Sint digesting u \(o I - Sf< I and u was tloned 
into pBS-ARl digested wnh tht s imc ^n-^\ms, to obiam plasmid pB!>- \RU>1 ^ 1 1 Ni,\t 
thfs plasmid was Sail h^/U digested and treated wuh Sl-Ni^kast btJinmg pUS- 
\ \iU()i Ssni uhids %\ IS di tsUt nA A/ ^ Uo obuun \RIOl int Ifti^muit md 

iO viomd nn 1 ihi. stctoi pBPIOn O' S nt duv^tt-J w th {ht sam^ tn/Mfii^s 

obf isnuu tlK phsmid pfiPf \RT(il Ssnl i'i t 7B) \\hi,it (i{ Snit i,\passi m ss midcr 
the v.t>ntrol of C aViV i')S promotct (1 3 kb ^cr^t^>n) the artjftci d 1: \oa Intioa i: \on fcgfon 
ARI and .4. mmefaaem tm gene transcription terminatjon signals (tNOS). 
From the plasmid pBS-AARTCSUSint was obtained by Xha\ I Pst\ digestion the band 

J 5 containing the element ART, which was fused into the pBS-EURGUSint vector digested 
with the saitie enzymes to obtain the plasmid pBS-ARTBCRJSint. Frora this one was 
obtained by Xhol 1 Kprii digestion a DNA fragment to get the (JllSint gene under the 
signals of the genetic elements ART and Eureka, introduced into pBPFO(omega)7 vector 
equally digested to produce pBPi-- AR TEGUSint plasmid (l-igure 7C). 

20 Plasmids pBPFARTGlJSini and pBPFARTEOlJSini were Hindm digested to obtain 
cassette^; for GUStnt expression in plants; these were cloned into the binary vector 
pCAMBIA2300, resulting in binaiy plasniids pC-ARTGUSint-v- and pC-ARTEOUSint, 
respectively. 

Following the introduction of the binary plasmids obtained into Agrohacteriunt 

25 tuntefaciem strain LBA 4404, we proceed to assay functionality of the translational 

enhancer Eureka in transient expression assays, using N11 tobacco cells as described in 

section (a) of this example. The results obtained are shown in Table 3. 

Table 3. Demonstration of functionality of the genetic elements ART and Eureka in 
tobacco cell'.;. 

30 
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Results of ARt functjonahtv cvakiation m tobacco cells reveaitxl that the artiflcia! tutmn 
IS corrcc'iK prtKi.sv^^ jk i ^-^s- v\| vs \ i sw i.i \ ' i vot pkint (.ciis (>ui 
cxpesitnental jesuk^^ ^ i . i *h [ t'* ^ K!^ > evpi^.s ioii ScvtK nhtaiiicd 

5 tottn ihi. inUfiKli-m Kuwn \R j\i i ^ ''okd tiv.mi.nt^ m the toiisttu;.fjon 
pBPf S.RiK.1 <vtnu \\h^r< ihtic is an } >ld UKrcasc oi Uk cvpK>Mt>n .ibiltt\ oJ th.. 
knowtt naiLirai protiioter C.aMV .>.>S. 

U 1-* also puned than the artiOciai gencifc elements designed {AR I and I utcka) can be 
functjoimlly inserted between any promoter active in plant cells (CaMV 35S promoter, in 
10 this case) and any other DNA sequence (GUSint in our case) increasing its 
transcription/translation, 

c) Funciionaliiy of the enhaticer elements Eureka and A RT in rice cells. 

A set of new constructions was made in order to prove fimetionaiity of our artificial 

enhancers in monocot plant cells. First, the Z/joI Kpnl fragment from the plasmid 

!5 pBPFARTGlJSint, harboring the uuiA (gus) gene tiised in its 5' end to the artificial 
Exon/httron ART, was inserted Into pBPrAI^-lmicer vector (Figure II) digested with the 
same reslriction enzymes, to form the plasmid pBRf-AiSJAfvlXJUSint. In this plastTvtd, rice 
actin-1 EoXoMniroft'lixon region present in pIi5P(-A19-linker has been substituted by the 
artificial element ART, remaining as the other regulatory elements the chimericai promoter 

20 A 19 (where quadruplicated octopiiie synthase av-l-like enhancer is fused to CaMV 35S 
promoter (400 bp vci^ion)) and the tNOS transcription terminator signal. 
Simil£U-|y, the Xfml ™ Kfml band from plasmid pBS-ARTEiGUSint was cloned into flie 
pBPFA 19-1 inker vector to obtain the construction pBPFAi9ARTEGUSint. A construction 
used as a control, pSPFA 19GUSim, was made by cloning GUSim fragment tmm plasmid 

25 pUC-GUSint into the Ncol I Sad digested pBPFA19-linkcr vector. Another control 
plasmid used was pFiPf-U(oTnega)-GUSirrt. 

OiMlitotixc c\a!iK!lion oi the ability ot AKl and 1 uroka to enhance gene cxptcssion in noc 
i-ciK v\as earned (.>ui b\ asoa\ing uati-MCfU cxpu'v^-op (.alius or^arfcty inJica PcrLi. C\dh 
\seto obiainet! horn njatuie o>ced^ rrcM-^uss^ ili/C'S ■^^ sih sodtum lupock^tiie <hh1 
30 aLohok and i.uiti red !>)! .M days m the dask r \6',1 moJKi \6 salts and vttamins t( hi! 
L.L et fil. '^cicntia Smsc \'^~'S, lS-o5^^): O.lg'L myo-inoiitoh ! ii'L caioin hidn.hsato. 
2ntg..'l. 2,4 D; .>Og.'l. Sucrose; 3g/L Phytagel, Ph 5.7). Fiie transfonnation was pcriormcd 
b> micro-proiectile bombardment: belba* the bombardment the caili vsere sub cultivated in 
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N6-2 media suppkmeiited with 0.4 M Manitol for osmotic pre-treatment. I i^m spherical 
gold paiticies (BtoRad) were used as micro-pfojectfles for bombardment following 
published protocols (ilusseil DR., Wallace K,M., Bathe Jf.H„ et al Piant Cell Rep. 1995, 
12; 1 65- i 69). Transfarmation was performed einploymg the PDS-IOOO/He system 
5 (BioRad), For the bombardment 30 callus were placed at the center of the plate and the 
eotidhions were: i JOO psi of jsressure, at the distance of 6 cm, one shoot per plate. Afler 
h.isfihriuljfKni (,)lh tonmncd m fhc same osmotic medh^ lot 16 houis n ;ho !(> bt 
theii Mib Luitujtud 2 dd\s in \() 2 media \\ttht)ijl Manslol til's actis}t\ is rt,\Ld!ed 
V-trhtL h\ lnst()(.h<.!iiicai mabod (ia\^ison R \ n>S8 Piatu repoitu l.usi,'. th^ (t( s 
10 «e]K !usit>n sNsiem /u iK Sctkn\{td) Cienetiv. f nginoeuiu NoUl) PLnum Pubhshm:; 
( ofponUit'd P "'4"' "^(t^} 1 \,!lu<nK-in uas pctfotmcd b> cuui>t)n« bkic points and /ones m 
tach i,ailus iii a siercomit,u>si,0{ie (I iguie 12). Table 4 sho\\s the jesulis ubtaniod alkr 4 
experiments with 3 replicas each. 

Tabic 4. ART and Eureka functionalitv comparative demonstration in rice celis. 
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As k can be seen^ these experimental results also confirm functionality of ART and Eureka 
as gene expression enhancer elen^ents in monocot plant ceils, ft is impoitant to highlight 
that in our assays, IMR activity developed by the artificial Exon/Intron/Exon ART 

20 (pAI9ARTGUSint), was higher than that observed for rice actln-l gene first 
Exon/intron/Exon (p8PFA19GUSint), which is a genetic element with recognized gene 
expression enhancer ability. Additionaily, although in our experiments a significant 
diOerence between the results obtained for constructions pA !9^RT€^^S!iU and 
p\l'->\Rfl (.li Sint can not K appicctako t - c^m,u-..;Mo n fiyuic 12 that the picscni.c 

25 ol 1 Uioka ttagmont m the Li^t constiuciK^i sronglx increases cxpicssiim. bc(.ausc the si/c 
and micnsu^ ol blue colored /ones atkr X-Giuc hystochemica! staining of calli 
bombarded with pAI9ARTEGUSint (Figure 12). 
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Conciading, the presejit example shows the fimctiojialitj^ of the artifkiai genetie elements 
A RT and Eureka as gene expression enhancers in any kind of plant cells. Besides, it was 
demonstrated that tJiese enhancer elements are highly efiicieni, increasing expression 
levels independentiy of the promoter that they ai-e &sed to. Finaliy, it was also 
5 demonstrated that ART and Eureka couid be combined for synergisticaUy enhance even 
more the expression of downstream genes. 

It is anew shown that ART and Eureka can be iynctionaliy inserted between any plant 
active promoter (e.g. A 1 9) and any DNA sequence (GUSint gene) to increase its 
transcription/translation. 
iO Example No. 3: PARTE expression system variants employing different 5' 
transcription enhancer regions. 

a) Addition of rice actsn-l 5' transcripiion activator region to PARTE promoter. 

To c>\v-f«,se the 5' transcription enhancer region IVom rice actSn-l gene to I^ARTi?- 
promoter, pPARTE piasmid vvas digested with the em^ymes EcaRl and EcoR\\ inserting 

15 in it the .synthetic DNA fragment En-Ac 1 (from -43 to -22 1 from the rice actin-1 gene 
transcription initiation site; SHQ ID NO: 10), with extremes that ligafe with those 
enzymes. The resulting piasmid, pAI PARTE, was Eco RV and Hind ill digested to insert 
the s\nthetic DNA fragment En-Ac2 (iVom -226 to -310 from the rice actin-l transcription 
initiation site; SEQ ID NO: 1 i), completing actin-l gene promoter 5 'activator mgion and 

20 producing the piasmid pAPARTE (Figure 5, Figure 7E), which {lucleotide .sequence 
between the restriction sites HinMl and Saci is shown in .sequence SEQ ID NO; 12, 

b) Addition of a,v~ i ~h"ke transcription enhancer sequences to APAR'I E promoter. 
Piasmid pA 1 PAR IE was Nrui and Sail digested to insert in it the DNA synthetic Sragment 
called ASP (SEQ !D NO: 13)^ vvhich possessed .sticking ends to the mentioned restriction 

25 enzymes and codifies for an a*- 1 -tike transcription enhancer sequence, producing the 
construction pASPAAIPAIiTE* This piasmid wa.s Sal I digested, freated with SI Nuclease 
aiid then P.v/T dige.sted to obtain the approximately 900 bp DMA fragment later cloned Into 
the vector pAIPARTE digested witli the Nnii and Ps(t to finally obtain tlie pla.smid 
pASFAl PARTE, which has the ASP enhancer inserted in the Nntl site into the rice actin-l 

30 5* transcription activation region. By digesting it with the £a>RV - Xhoh a second ASP 
enhaiicer was inserted into the pla.smid pASPAl PARTE, giving rise to the vector 
p2AIPARTE (in sequence SEQ ID NO: 14, the nucleotide .sequence is shown between the 
restriction sites JQml and Sacl), and in Figure 7F its structore. 
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As it was expiajfsed above fee pAiPAfirE, an Eii-Ac2 fragment was aiso inserted into 
pASPAl PARTE io obtain tlie construction pASPAPARTE, where a second ASP enhancer 
was inserted by digesting it EcoKV ~ Sail^ to finally obtain the vector p2APAR'rE {Figure 
7G). Its nucleotide sequence between the sites Sail and i.S'«d Is shown in SBQ ID NO: 15. 
5 c) U3ARTE promoter construction. 

Firstly, U was amplified by Polymerase Chain Reaction (PCR), using the primers Oli-Ul 
{SI () ID NO 16) and Oh I 2 (SI Q ID NO 17). an appro\Ht^atol^ bp i>\ \ luuimni 
contspundmg tt> ihc agiun hum 39^ to 680 fiom mai/e nh i g<,iu u msvuption 
ntiUaiion *^itL I \k nnphficti fr jkukm was vli.£vslcd iih Uk rvsinction l,n/^^n<.^ A, >//! m ! 

iO W<if (boiii sitLi WLa itkhjd<.d ' m k Ik n<.r) ni t.h nt,d into sisml^rK puXi^sstJ 
pbiu<.s^,npt II SK \i,aoi obut i v. ^ i i i pHs I >il Mui ibS. a sMith^^tic 
1>\ \ iraLtiKiit (I n I 2) wh^hi. ii ; mi;, ; i „t!K ttoni to h'^'^ (Nt,t|u>.n<,e 
SI ID \(,) iS) cloned into liu diLc^tvd plls I bil \<.ctor rtsultmg in 

tht const} ULUon pBS-Lbi2 whfch vontduis maue uhiquitine-1 gene acuvauir regfon 

1 5 (from -299 to -855, sequence SEQ ID NO: 1 9), 

The S' transcription activator cloned region tVom maize ubiquitine-l gene does not contain 
the '*heat shock" box was obtained trom the piasmid pBS-ljbi2 by an Alto I - Kpn I 
digestion, and ctv- inserted 5' to promoter 2APARTE by Sail ~ Kpn\ digestion of the 
vector, to obtain the so called construct pU3ARTE (Figure 6, Figure 7H). The sequence of 

20 the vector pU3 ARTE between the sites Kpn I and Sac I is shown in sequence SEQ ID NO: 
20, 

d) (jARI E pfomoler construction, 

I'o demonstrate the plasticity of the present Invention object, xve deckled to fuse 5' 

regulatory regions trom promoters with organ, tissue or development-specificity, which 
25 conferred high expression levels with the mentioned characteristics. Thus, rice gluB-l 

gene 5' regulator^' region, which controls gUueiine organ specific -expression, was fused in 
and 5' to PARTE promoter. To achieve this goal it was synthesized a 214 base pairs 

fragment (GLU), corresponding to the -31 to -245 region from giuB-l transcription 

initiation site (SEQ ID NO: 2 1) and convenient cloning sites, to insert it inl« the EcoRl and 
30 Xhoi digested pPARTB piasmid, producing the pGARTE vector (Figure 8), which primary 

structure between Xhoi and Sad sites is shown in the sequence SEQ ID NO: 22. 

Example .No.4: Functionaiity «f the different variants of the PARTE expression 

system in tobacco and rice cells. 
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Fo e vaiuate the expression levels of each promoter variant object of the present inventioii 
in moRocot atid dicot plant ceifs. It was deJeted by a Smai - Spel digesiioji the CaMV 35S 
promoter controlling OUSint expressioii in the binary vector pC-ARlB-CiUSinl, msertlng 
in its place the Kpul / SI nuciease - Spel fragment from constructions pAPARTE, 
5 p2Ai PARTE, p2APARTB and pUSARTE, to produce the new binary vectors pC- 
APARTEGUSint, pC-2Al PARTEGUSint, pC>2APARTEG(JSim— y — md pC~ 
lJ3ARTE0USint. 
a) Assays on tobacco. 

Bijuin Ntctois pt XPVRnCfiSsm pC 2\]P\iUlOl SifU pi : \P \R 1 1 1 .1 ^mt v 
it) and pC 5 3 \R i i Shu v\(.rL ituidduLt-d ink i li im oliu,'^ ;.cIK lu t.»r\ oiit {i^in^j^nt 
e\piCN-5ion dNsu}^ 4,\p(.nm(,nts m\{ \ tobacco c^,iK as dv^^cnbcd m ! \ampk 1 stetson 
ibt. tonttui plasmiJ usv.d pC-(d Smt has (d S t.\pit.ssh>n i.ont!o!icd b\ Ca\i\ 15S 
pu nKni.r (i i kb \crMon) and t\()S tcuiunator i \pcnmctn w^r^ pcfJomied mice (Ji'^c 
icplkas (. ich trt. iimi.nO and Jesuits ati. shmn in Ih^ I illowinji; Jabk 
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Table *! 1 unttionalm ot ihc diSf^^itni \,an<jnis ol PVR 11 cxpjtssjon s\sitf)? m lobatto 
ceMs. 
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20 it IS t.\tdt„n{ tint tut rt suits LOMoinitaii. ihi. HMubn p1 dijli.Knt piumoki sainnts hi 
this !tn(.nttt>n (>b{<.Ll aisv> showing th u it is p )ssiiii(. t(> muduiatt. its .ulivitx dcpt-ndnn on 
the s iians^iiption tcgulatuiv icgu'tis hisi^d to PXRii li iiujst be in^hhehtj^d that xMth 
ouf ticncUk. constructions we reatlied sup^.not cxptcssiofj kwK m dicot plant tells than 
that achjeved when expression is controlled by the natural promoter CaMV 3.*>S. 

25 b) Assays on rice. 

The binary vectors pC-APARTEGUSint, pCV2Ai PARTBGUSinl, pC-2APARl'EGUSint-y 
MlCpC-03ARTEGllSint v^ere bombarded on rice caili as described in Example 2 section 
(c) in order to carry out a transient evaluation of the activity of the PARTE promoter 
dilTerent vanants. The contTol plasmid, pActl-F (McHkoy D; Zhang W; Cao J: Wu R. 

30 Plant Cell 1990, 2:163-171), has the gm gene expi-ession under the control of the rice 
actin-1 gene promoter and the llSfOS terminator. The expression cassette was extracted 
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from these plasmtd by Kpni • Xbal digestion and mserted hito the buiary plasmid 
pC;!AMBIA 2300 digested with the saim* restriction enzymes to produce the vector pC- 
ActJF. 

The bombardmenl expcrimet^ts were performed tliree times with tiiree replicas for each 
5 consirtiction to be evaiuated. The results obtained are shown in the fo! lowing table: 

Tabic 6. Ftiiictionalhy of diilerent variants of PARTE promoter expression system in rice 
cells, 

i % ot call I with blue zones and dots 
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The results shown in this table certify the functionality of the different variants of PARTE 
promoter in monocot plant cells, achieving expression levels superior to that of the natural 
promoter of rice actin-l gene. Therefore, usefulness of the object of the present invention 
as an efficient genetic tool to achieve high expression levels of DNA sequences placed in 
1 5 cys under ils control is confirmed, 
c) Assays on rice seeds. 

To evaiuate ti<;sue specificity of (jAR TE. promoter in rice cell endosperms, the Sail / 
Klenovv - Pstl tVagxnent of about 2.5 Kb from pBI^FARTBGUSim vector, containing the 
Eureka fragment fused to GL'Sim gene with nos terminator (tNOS), wa<> cloned into 
20 pCiARTE vector Xhai i Klenow - Pst\ digested, giving as a result the construction 
pGARTEGUSint. 

It was also constructed a control plasmid, where the GARTB promoter in pGARTEGUSint 
is substitmed by )Cho I ~~ Nco 1 digestion, by a seed endosperm-specific, highly efRcient 
rice glitteline B-1 promoter obtained from Sali ~ Ncoi digestion of pGEM~T-GluB~1 
25 plasmid. Thus, we obtained pGiuGUSint. 

Evaluation of (5 ARTE promoter and its comparison with that ofCiluBl. was carried out 
according to Y-S. Hwang (Bwang Y-S; McCullar Cass; Huafui N, Tkint St.ietjce. 2(K)j. 
161:1107-1116) by bombarding immature endosperms (8-9 da\s ailcr {-Kilini/attcn) 
isolated from the ear cariopsis of gi-eenhouse cultured rice varietj indica Peria, 
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FluoromeUic assay to determifse GUS activity m endosperms was pedbraied accordiitg to 
.fdferson (Jdlferson R.A, 1988, Plant reporter genes: the GUS gene fusion system. In: LK. 
Setlow (Ed), Genetic Engineering. Voi.lO, Plenum Publishing Cotporation. P,247-263), 24 
hours after bombardment with gold micro-particles covered by plasmidic DNA to be 
5 evaluated. The results of the GUS activity-' obtained m two independent experiments with 5 
replicas each, are shown in Table 7. 

lable 7 I uiKUonahu oi d \R 1 L ptomcM t J vndo^perm^ 
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10 These results confirm that tlie chimerical promoter (JARTE, based on artificial elements 
designed for us, is highly efficient to express genes in seed endosperms; although OLU 
sequence inserted on the GARTE promoter is able to confer specificity to the expa'ssion, it 
*per se' does not guarantee high levels, which depends also on other elements confontimg 
the promoter (Takaiwa F; Yamanouchi U; Yoshihara T; Washida H; Tanabe F; Kaio A; 

15 Yamada K. Plant Mol Biol. 1996, 30:1207-1221). 

The showed data reafTirm Jhat the tiiserfioii of regulatory regions upstream to the elesnent 
object of this invention permits its use to cfficienth conduce the expression of any DNA 
sequence with development-, organ- or tissue-specificiiy. "lo somebody experierjced in 
molecuhir biology, it is obvious {hat GluB-1 promoter regnliuory sequences inserted into 

20 the GAR TE promoter cat! be successtltlly substituted for i-egulatory sequences rcspondii^g 
to biotic stress (patltogen attack, for example), abiotic factors (e.g., wounding, extremely 
high or km temperatures, salinity, drought, the presence of some chemicaLs), oxidative 
stress, different organ and tissue development stages, etc. 

It is also evident that UNA sequences cloned under the regulator^' regions object of this 
25 invention can be introduced into plant cells and stably inserted by the means of known 
biological or physic-chemical transformation methods and that, from these genetically 
modified cells it is po^-sible u> regenerate fertile plants in which UN,'\ sequences will 
con\ejncntl\ express lUXiading to the promote! \ariant which the> arc fused to fbus, the 
pftseni liistntioi! a\t*aK it'- poienJiaiiu )o coinrihule lo the preJuction ofuanstfena ])lami 
30 \^ \th gre.iicr IcseU of resistance to pests, diseases, a %'arfet> o! .strcs<,cs. gioalcf agi icuitutal 
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yieids or highiy efficient producing compouiids with medical or tndustria! appiications, 
among other uses. 



